The main goal of this study was the preparation of materials containing phosphoric func-tionalities on the base of industrial polymer -divinyl rubber and the assessment of their removal effi ciency of heavy metals from aqueous solutions. The new method concerns the oxidative chlo-rophosphorylation of divinyl rubber by PCl 3 with the following modifi cation of obtained inter-mediates to create -PO(OH) 2 , -OPO(OH) 2 groups in the polymer chain. The obtained modifi ed polymers get some new properties such as complex formation and capability for ion exchange. The nature and distribution of phosphoric functionalities in the polymer were studied by the methods of NMRand FTIR-spectroscopy, thermal analysis and scanning electron microscopy. The sorption properties of synthesized polymers towards some cations (Cu +2 , Ni +2 , Co +2 and Zn
INTRODUCTION
Heavy metal pollutions are one of the main problems of the ecosystem. Heavy metals are commonly found in large quantities in industrial wastewaters. Most of them are toxic and detrimental to people, animals and plants, and even in small amounts they can cause severe health problems
1, 2
. Therefore, in order to combat the problem of water contamination, studies on the removal of heavy metals from various waters are making steady headway.
The traditional approaches for removing metal ions from aqueous solutions include reagent treatment, ion exchange and membrane technology 3- 6 . The sorption methods are the most useful, readily available, and simple for purifi cation 7-9 . Sorption processes with application of organic and inorganic sorbents are most commonly used for water purifi cation. The main problem concerns the selection of low cost sorbents with high sorption capacity, which could provide effective purifi cation.
Some synthetic polymers, copolymers and their derivatives were widely investigated as adsorbents [10] [11] [12] [13] [14] [15] [16] . The strongly acidic resins are the most employed ion exchangers in operations for cation separations from industrial wastewaters 17, 18 . Among them the sulphonic acid cation exchangers are very common. They are usually based on styrene-divinylbenzene matrixes and cross-linked polymers of acrylic and methacrylic acids [19] [20] [21] . The former being strongly acidic performs very well in wide range of pH, but lacks selectivity, the latter being weakly acidic, displays enhance selectivity towards divalent metal cations.
In recent years, selective metal ion removal with phosphorus-containing polymeric sorbents has been studied by several investigators [22] [23] [24] . Synthesis of polymers with various types of phosphoric functionalities was reported and their complexing properties with metals were studied. It was found that in vinylbenzyl chloride-styrene--divinylbenzene copolymer based sorbent with two types of functionalities, sulphonic groups contributed only to hydrophilicity of the resin, thus increasing transport of ions, whereas phosphonic groups were responsible for observed selectivity of the resin 25 . However, almost all above prepared sorbents have been obtained by multi-steps synthesis. The fi rst time, we worked out synthesis of ion exchangers with phosphoric functionalities in soft conditions by oxidative chlorophosphorylaton of polymers containing double bonds in chain 26 . The scope of the present study was to obtain new low cost phosphorus-containing ion exchangers based on industrial polymer-divinyl rubber and evaluate their sorption ability with respect to cations of heavy metals.
MATERIAL AND METHODS

Reagents
Synthetic divinyl rubber (SDR), a product of butadiene polymerization, containing approximately 90% 1.4 cis-units was obtained from Voronezh Synthetic Rubber Manufactory, Russia. The polymer sample (Molecule weight -120.000) was dissolved in benzene, then precipitated with methanol and dried at 323 K under vacuum prior to use. The following analytical reagent-grade chemicals were obtained from commercial sources and were used as received without further purifi cation: PC1 3 , CC1 4 
Chemical modifi cation of divinyl rubber by oxidative chhrophosphorylaton with PCl 3
A round-bottom fl ask equipped with refl ux condenser, mixer, cooler, thermometer and oxygen gas distributor was used in the experiment. The oxidative chloropho-has been fi ltrated and the concentration of metals ions in fi ltrate has been determined. The sorption capacity (a, mmoL -g -1 ) and sorption degree (R %) has been calculated by the following equations: a = (C o -C e ) × V/m R = (C 0 -C e )/C e × 100% where C o , C e -initial and equilibrium concentration of metals ions in solution respectively, mmoL × mL -1 , V -solution volume and m -amount of polymer (g).
RESU LTS AND DISCUSSION
The optimal conditions for the modifi cation of SDR by chlorophosphorylation we established earlier 26 . We investigated the infl uence of a number of factors (the amount of PCl 3 , concentration of SDR in reaction mixture, oxygen fl ow rate, temperature and time). HCI is not emitted if SDR solution contacts with PCl 3 in the absence of oxygen. An exothermic reaction with escaping HCl was observed when oxygen was bubbled through reaction mixture and temperature rose up to 333K. Phosphorylation degree of SDR depends on the feed rate of oxygen, temperature and duration of reaction. At the ratio of SDR : PC1 3 = 1:10, a fl ow rate of oxygen 7 L × h -1 and duration 7-8 hours the phosphorus content in the resulted material increases up to 11%. Increasing the temperature in the reaction medium to the boiling point of PC1 3 (347K) causes decreasing the reaction rate of chlorophosphorylation. It can be explained by the fact that at high temperatures the amount of dissolved oxygen in the solution decreases. With increasing fl ow rate of oxygen chlorophosphorylation of SDR proceeds with high speed and for 1 hour the reaction medium darkens and becomes a solid mass. The resulting polymer with -РOСl 2 groups, and its hydrolysis products with -PO(OH) 2 -groups are not soluble in organic solvents, acids and alkaline solutions. This implies that, along with phosphorylation also occur crosslinking polymer chains, resulting in formation of polymer with a spatial structure.
NMR Spectra of initial and chlorophosphorylated SDR samples
The sorption properties, that is, capacity and selectivity, are defi ned by such characteristics as the nature of functional groups, their distribution and state of the phosphorus in the matrix, which depend on the selection of initial components, their ratio, the method and conditions of their synthesis. The NMR spectroscopy is the most informative method which can provide detailed information about the structure, reaction state, and chemical environment of molecules. It was observed that oxidative chlorophosporylation of SDR leads rapidly to the cross-linking of polymer chains and heterogenization of reaction mixture. For this reason, the samples of low conversion degree (before heterogenization) have been investigated by the NMR spectroscopy for the determination of structure and location of phosphoric functionalities and cross-linking stages. CCl 4 was used as solvent (outside standard was D 2 O). The chlorophosphorylated SDR samples (b,c,d) were taken from reaction mixture after certain period of time.
The 1 H, 13 C, and 31 P NMR spectra of initial (a) and chlorophosporylated SDR samples (b, c, d) are shown in Figures 1-3. As seen from Figure la, in initial rubber sphorylation was performed with 5% solution of SDR in ССl 4 . The reaction was carried out at PC1 3 /SDR = 10:1. Previously prepared 5% solution of SDR in CCl 4 was placed in the fl ask and oxygen (dried by H 2 SO 4 ) was bubbled through reaction mixture at 7 L . h -1 and then the calculated amount of PCl 3 was added to the reaction mixture under vigorous agitation. Escaping hydrogen chloride passed through backfl ow condenser cooled by ice and was trapped by 2N NaOH. Amount of escaping hydrogen chloride was determined by titration of stripping solution with HCl test solution. The solvent, unreacted PCl 3 and side product of reaction (POCl 3 ) were removed by water-jet air pump. Phosphorylation degree in the reaction has been calculated on the content of phosphorus in the resulting polymer.
Synthesis of phosphoric containing polymer sorbent (PCPS) based on modifi ed divinyl rubber
The obtained product after chlorophosphorylation of SDR was added to distilled water and hydrolysis was carried out for two hours at 60°C. The reaction product was then washed with distilled water up to neutral pH and dried in vacuum oven at 50°C. The obtained powdery product had dark brown color. Prepared polymeric material containing phosphoric functionalities can be kept in dried form in desiccator or in H + form in water medium depending on purpose.
Characterization of chlorophosphorylated SDR and PCPS
The nature and distribution of functional groups in the chlorophosphorylated SDR, as well as the nature of the spatial network in the PCPS were studied by the method of NMR spectroscopy. NMR spectral measurements were carried out on a BRUKER spectrometer with the following operating frequencies:
1 H, 300 MHz; 13 C, 75 MHz; and 31 P, 12.4 MHz. The IR spectral studies of PCPS were carried out on a Varian 3600 FTIR spectrometer at the range of 450-4000 sm -1 . Thermal analysis of PCPS was carried out on a NETZSCH-STA 449 F3 Jupiter. Surface images of prepared sorbents were taken by scanning microscope -RGM JEOL JCM 6430F.
Preparation and analysis of metal ion solutions
The stock solutions of metal ions have been prepared by dissolving appropriate amounts of corresponding salts in distilled water. The necessary acidity of solution (pH = 3-9) has been created by means of acetate ammonia buffers. For pH l and pH 2 preparation the 0.1N HCl solution has been used. The solution pH values were determined with a "Water Quality Checker U-10" pH-meter. The content of cations in the solutions was determined on an atomic-emission spectrometer (Optima 2100 DV "PERKIN-ELMER").
Adsorption studies
The metal ions sorption has been studied under batch experiment conditions at 25°C from the single metal aqueous solution. The weighed samples of sorbent (0.05-0.5g) have been placed into fl ask and fi lled up with solutions of suitable electrolytes of 50 mL and set point of pH, and had been stirred until the equilibrium in system was obtained. The previously determined equilibrium time was ~6 hours. After the time, the solution to acidic protons in P-OH groups, which were formed as a consequence of P-Cl bond hydrolysis under the infl uence of trace amounts of moisture present in the medium.
In Figure 2 NMR 13 C spectrum of initial (2a) and chlorophosphorylated SDR samples (2b) have been presented. As seen from Figure 2 , in spectrum 5 signals are observed. One of them corresponds to the double bonds (~ 130 ppm), but the rest of the signals belong to aliphatic fragments. Upon comparing this spectrum with the spectrum of initial rubber (Figure 2a) , along with signals (28-33 ppm) corresponding to -CH 2 -CH 2 -groups, the following group signals are also found out: >CH-POCl 2 (~ 43 ppm); >CHCl (~ 57-63 ppm); >CН-О-РОСl 2 , >CHOH, >CHO-(~ 78-87 ppm). The spectrum contains the alcoholic (>CHOH) and >CHO groups as well. The alcoholic groups are formed as a result of free-radical oxidation and transformation; but >CHO groups can be formed as a result of intermolecular bonding. These facilities are confi rmed by NMR 31 P spectrum for chlorophosphorylated SDR (Figure 3 ). In the NMR 31 P spectrum of chlorophosphorylated SDR, along with a wide signal of >CH-POCl 2 group (~ 50 ppm with regard to PCl 3 ), an intensive signal 8 ppm), corresponding to >CH-O-POCl 2 groups, are observed. On account of relatively high mobility of the phosphordichloride groups bonded to polymer through the oxygen bridge, the width of the corresponding signals is essentially less in comparison with the signals of >CH-POCl 2 groups. In this case, two types of signals of various widths are observed which are related to the groups with different mobility. Hence, it is clear that even under the low degrees of transformations, phosphonic the ratio of the areas of resonance fi elds of aliphatic protons and olefi nic protons is ~ 2, i.e. in the elementary unit 2 olefi n protons correspond to each 4 aliphatic protons. In the spectrum of the fi rst chlorophosporylated SDR sample (Figure lb) a peak corresponding to the CH-protons is observed (~ 2.3 ppm). However, the ratio of protons of-CH 2 -and =CH-groups does not change, so, it can be concluded that at the initial stage of reaction, С-H bond formation occurs due to both modifi cation of hydrogen atoms in α -position with regard to π -bond and addition to π -bond. Under relatively deep conversion degree (Figure lc ) the proton ratio of -CH 2 -and =CH~ groups increases up to ~ 2.8. With continuation of the reaction this ratio reaches ~ 3.4 (Figure 1d ), i.e. the reaction mainly proceeds with the addition on double bonds. The spectrum of this sample consists of four resonance regions: an intensive signal in -5.3 ppm-region can be referred to diene groups; low-intensive signal in ~ 2.8-5.0 ppm region belong to >CH-P (2.8 ppm), >CH-Cl (~ 4.1 and 4.5 ppm) and >CH-O (~ 4.8 ppm) groups and a wide signal in ~ 1.6-2.5 ppm region can be referred to aliphatic groups. A low-intensive signal in ~ 10 ppm region likely belongs and phosphinic groups are present in both, more and less mobile regions of the polymeric matrix. It confi rms the fact that the processes of chlorophosphorylation and cross-linking proceed simultaneously from the very outset of the reaction.
FTIR spectra of PCPS
The main attention in the IR-spectroscopy studies was given for identifi cation of valence and deformation vibrations corresponding to P=O, P-OH and OH groups. The FTIR spectrum of PCPS is presented in Figure 4 . In 1200-1150 cm -1 region adsorption bands can be assigned to P=O vibrations attracted to H bonds. Relatively wide adsorption band can be explained by overlapping the hydrogen bonds of different force. The adsorption bands in 1771, 2346, 2875 and 3435 cm -1 region are attributed to OH valence vibration of -PO(OH) 2 groups. The observed adsorption bands of 3398 and 2857 cm -1 region indicate the strong hydrogen bond in these groups.
Adsorption band of 995 cm -1 region, corresponding to C-O-P bond indicates the bonding of -PO(OH) 2 group to the polymer chain by means of oxygen.
Electron microscope analysis
Surface and internal structures of sorbent have been studied by scanning electron microscopy. The 750 and 1000 time increased pictures of PCPS are given in Figure 5 . The obtained sorbent contains the micro-, mezo-and macro pores.
Thermal analysis
In order to know the operating temperature range of the potential sorbents the destructive transformations of PCPS samples were investigated. The TG and SDR methods have been used.
As seen from Figure 6 , during thermal destruction of PCPS under argon atmosphere three temperature ranges were marked. For the fi rst temperature range (up to 160°C) mass loss is accompanied by appearance of endo-effect and arises from elimination of solvent and water from polymer. The second temperature interval on TG curve corresponds to 160-330°C temperature range. In this temperature range two processes take place: at 160-330°C and 230-330°C have been observed on SDR curve. The fi rst process accompanied by endo-and the second by exo-effects. These processes occur due to dehydration and dephosphorylation. The third temperature interval on TG curve corresponds to the range 330°C and above. It has been determined that 3 thermal effects on SDR curve corresponded to these range which lead to exo-effects and confi rm the identical nature of running processes. In that moment the destruction of polymer matrix has been observed. The observed different effects on SDR curve can be determined as a result of breakage of various types of chemical bonds.
The effect of pH value on sorption degree of PCPS
The value of sorbent sorption capacity is determined in many respects by aqueous phase acidity. Consequently, the effect of medium pH on PCPS removal effi ciency of heavy metals from aqueous solutions has been investigated. The Figure 7 presents the dependence of Cu 2+ , Ni 2+ , Co
2+
, and Zn 2+ metal ions sorption by PCPS. In more acidic fi eld (pH< 3) relatively low sorption degree for the shown group of metal ions is observed. It can be explained by metal presence in this range of pH as an aqua complex form [Me(H 2 O) n ] 2+ and sorption proceeds mainly as a result of ion coordination with -P=O groups. However, these groups are also active centers for protons owing to hydrogen bonds formation -P=O×××××H + , which causes displacement of metal ions. On another hand, sorbent has low swelling in this range of pH. With the decrease of solution acidity in the interval of pH = 3-9 metal ions sorption degree gradually increases, reaches maximum at pH 6. Sorption proceeds owing to ion-coordination and/or ion interaction, partial transformation of existing aqua complexes to hydrocomplexes ([Me(OH)(H 2 O) n-1 ] + ) 27 . But in view of that creation of pH > 3 value has been realized by means of acetate-ammonia buffer, in this range formation of both ammonium and acetate complexes of different composition, structure and stability is possible. Therefore, metals ions in solution at pH > 3 value will be present in the form of aqua, hydroxo-and ammonium complexes. The ratio of these complexes differs for different values of pH mediums. The optimal values of metals ions sorption is obtained at pH values corresponding to that state of metal ions when ammonium complexes in the form of (Me(NH 3 ) 2+ ) dominate in solution. When pH value increases, their moiety decreases in solution. That can be considered a reason of sorption decrease in alkali solutions. These results confi rm that synthesized material containing different phosphoric functionalities could be used as effective polyfunctional sorbent for 
The effect of the initial amount of PCPS to its sorption properties
The studies on effect of the initial amount of PCPS to its sorption properties were done at pH 6, which corresponds to pH opt for investigated metal ions. The volume of solution was 90 mL with initial concentration of metal ions ImmoL · L -1 . Different amounts of PCPS on the range of 0.05-0.50 g were tested. As can be seen from Figure 8 , with increasing initial amount of sorbent its extraction degree increases.
asing initial metal ion concentration in the solution an increase of their adsorption is observed. Three sites can be distinguished on the isotherms. Initial, abruptly rising upwards, almost linear site of the curve indicates that at low concentrations the sorption is practically proportional to this value. At the same time, the metal ion monolayer on the sorbent surface is formed. The almost horizontal site, corresponding to the higher concentrations, satisfying sorbent surface, is completely saturated by metal ion. In these conditions, the amount of adsorbed cations does not depend on their concentration if only monolayer of metal ions forms on the sorbent surface. The middle site of isotherm corresponds to average sorption degree of PCPS. The results indicated that the affi nity order of sorption for investigated group of metal ions was observed as follows: Cu 2+ > Zn 2+ >Co 2+ >Ni 2+ .
CONCLUSION
New low cost polyfunctional phosphorus-containing material including -PO(OH) 2 , -OPO(OH) 2 groups were prepared by oxidative chlorophosphorylation of industrial polymer-divinyl rubber with PCl 3 followed by hydrolysis of obtained products. Physico-chemical analysis of a structure of prepared material demonstrated that the phosphonic and phosphinic groups are present in both, more and less mobile regions of the polymeric matrix, which confi rms the fact that the processes of chlorophosphorylation and cross-linking of polymer chain proceed simultaneously from the very outset of the reaction.
The nature of functional groups of obtained material predetermines their universal extracting, removing and concentrating properties of heavy metal ions. The sorption capability of modifi ed divinyl rubber towards cations Cu 2+ > Zn 2+ >Co 2+ >Ni 2+ from aqueous solutions have been tested in different values of pH and concentrations of the metal ions in solution. The results confi rm that synthesized material containing phosphoric functionalities could be used as effective polyfunctional sorbent for metal removal from various aqueous mediums in wide range of pH values and concentration of the metal ions.
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The effect of the initial concentration of the metals ions in solution to the sorption degree of PCPS The effect of initial concentration of metals ions in solution to the sorption degree has been studied. For that, 0.30 g of sorbent was placed into buffer solution with pH 6 and calculated amount of metal ions solution were added to bottle for creation the conditions for optimal sorption. As presented in Figure 9 , with incre-
